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Protectin D1 Is Generated in Asthma and Dampens Airway
Inflammation and Hyperresponsiveness’

Bruce D. Levy,**" Payal Kohli,*" Katherine Gotlinger,” Oliver Haworth,* Song Hong,"
Shamsah Kazani,* Elliot Israel,* Kathleen J. Haley,* and Charles N. Serhan®

Protectins are newly identified natural chemical mediators that counter leukocyte activation to promote resolution of inflamma-
tion. In this study, we provide the first evidence for protectin D1 (PD1, 10R,17S-dihydroxy-docosa-4Z,7Z,11E,13E,15Z,19Z-
hexaenoic acid) formation from docosahexaenoic acid in human asthma in vivo and PD1 counterregulatory actions in allergic
airway inflammation. PD1 and 17S-hydroxy-docosahexaenoic acid were present in exhaled breath condensates from healthy
subjects. Of interest, levels of PD1 were significantly lower in exhaled breath condensates from subjects with asthma exacerba-
tions. PD1 was also present in extracts of murine lungs from both control animals and those sensitized and aerosol challenged with
allergen. When PD1 was administered before aeroallergen challenge, airway eosinophil and T lymphocyte recruitment were
decreased, as were airway mucus, levels of specific proinflammatory mediators, including IL.-13, cysteinyl leukotrienes, and PGD,,
and airway hyperresponsiveness to inhaled methacholine. Of interest, PD1 treatment after aeroallergen challenge markedly
accelerated the resolution of airway inflammation. Together, these findings provide evidence for endogenous PD1 as a pivotal
counterregulatory signal in allergic airway inflammation and point to new therapeutic strategies for modulating inflammation in

asthmatic lung. The Journal of Immunology, 2007, 178: 496-502.

hronic airway inflammation with large numbers of eo-

sinophils (EOS)? and T lymphocytes (Lymphs) infil-

trating respiratory tissues is mechanistically linked to
asthma pathogenesis (1). In addition to their direct actions,
these leukocytes amplify airway inflammation by trafficking
into the lung an increased capacity to generate both proinflam-
matory peptides and lipid mediators, such as Th2 cytokines and
cysteinyl leukotrienes (CysLTs) (1). In addition, Th2 cytokines
up-regulate the expression of biosynthetic enzymes for eico-
sanoids, including PGs, LTs, and lipoxins (LXs) with potent
immunomodulatory properties (2). Surprising results recently
indicated that arachidonic acid (C20:4) is not the only fatty acid
precursor converted to potent bioactive mediators during in-
flammation and resolution. Distinct from their actions on C20:4
and biosynthesis of PGs, LTs, and LXs, new enzymatic path-
ways, uncovered in inflammatory exudates, convert docosa-
hexaenoic acid (DHA; C22:6, w-3) in vivo to specific bioactive
compounds (3-5). Of interest, DHA levels in the respiratory
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tract are decreased in asthma and other diseases of excess air-
way inflammation, such as cystic fibrosis (6). Epidemiological
studies suggest that a diet high in marine fatty acids (fish oil)
may have beneficial effects on inflammatory conditions includ-
ing asthma (7, 8), and dietary supplementation with omega-3
fatty acids in children prevents the development of atopic
cough, a symptom of allergic airway inflammation (9). The un-
derlying mechanisms for beneficial properties of omega-3 fatty acids
in asthma remain to be established.

Natural resolution of acute inflammation (or asthma exacerba-
tion) is driven, in part, by decrements in proinflammatory media-
tors and removal of inflammatory cells (1, 10). Promotion of res-
olution is now recognized as an active process with early signaling
pathways, for example cyclooxygenase-2-derived PGE, and
PGD,, engaging biosynthetic circuits for the later formation of
counterregulatory mediators, such as LXs and the newly identified
families of lipid mediators generated from omega-3 fatty acids
named resolvins and protectins that can dominate the resolution
phase (11). DHA is incorporated into membranes and are rap-
idly released upon neuronal cell activation (12) for conversion
to 17S-hydroxy containing resolvins of the D series (because
they are from DHA) and protectin D1 (PD1) (13). The complete
stereochemistry for PD1 was recently established as 10R,17S-
dihydroxy-docosa-4Z,7Z,11E,13E,15Z,19Z-hexaenoic acid (13). In
this study, we report that PD1 is generated from endogenous sources
in human asthma and reduces both allergic airway inflammation and
hyperresponsiveness.

Materials and Methods

Sensitization and challenge protocols

Five- to 7-wk-old male FvB mice (Charles River Laboratories) were
housed in isolation cages under viral Ab-free conditions. Mice were fed a
standard diet (Laboratory Rodent Diet 5001; PMI Nutrition International)
that contained no less than 4.5% total fat with 0.26% omega-3 fatty acids
and <0.01% C20:4. After Harvard Medical Area Institutional Review
Board approval (Protocol 02570), mice were sensitized with i.p. injections
of OVA (Grade III; Sigma Chemical) (10 wug) plus 1 mg of aluminum
hydroxide (J.T. Baker Chemical) as adjuvant in 0.2 ml of PBS on days 0
and 7. On days 14, 15, 16, and 17, the mice received PD1 (2, 20, or 200
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Table 1. Characteristics of subjects”
Healthy Asthma Exacerbation
Sample size (n) 3 4
Age (years) 28 £1 41+ 6
M:F 1:2 2:2
Race 3 other 2 Caucasian, 1 African
American, 1 other
Current cigarette smoker 0 2

“EBC was collected from individuals in the emergency department with an acute
asthma exacerbation and a control group of healthy subjects (see Materials and Meth-
ods). Plus-minus values are means = SD.

ng) (a product of biogenic synthesis; Ref. 3) or PBS with 1.6 mM CaCl,
and 1.6 mM MgCl, (0.1 ml) by i.v. injection 30 min before an aerosol
challenge containing either PBS or 6% OVA for 25 min per day. Matching
experiments were performed with 20 ng of PD1 prepared by total organic
synthesis (13).

On day 18, 24 h after the last aerosol challenge, either airway respon-
siveness to aerosolized methacholine (0, 20, 50, and 75 mg, 10 s) was
measured, bilateral bronchoalveolar lavage (BAL) (2 aliquots of 1 ml of
PBS plus 0.6 mM EDTA) was performed, or tissues were harvested for
histological analysis. Lung resistance was measured using a Flexivent
ventilator (SCIREQ). Resistance was measured as a function of time for
each animal, and peak and average values for each dose of methacho-
line were recorded. No BAL or histological analysis was performed on
those animals undergoing airway hyperresponsiveness or lipid extrac-
tion studies.

In select experiments, animals were sensitized and aeroallergen chal-
lenged for 4 days before receiving PD1 (20 ng) or PBS by i.v. injection
(0.1 ml) on days 18, 19, and 20. On day 21, bilateral BAL was per-
formed.

Allergen-initiated respiratory inflammation

Murine lungs were fixed in 10% buffered formalin and paraffin embedded
for H&E and periodic acid-Schiff staining (Sigma-Aldrich). Tissue mor-
phometry was performed by a member (K. Haley) of the Lung Histopa-
thology Core Laboratory at Brigham and Women’s Hospital who was

100~ 17(S)-hydroxy-DHA

FIGURE 1. Generation of PDI in
asthma. EBC were obtained from
volunteer subjects in the emergency
department during a clinical exacer-
bation of asthma. Lipids were ex-
tracted and subjected to analysis
by LC-PDA-MS-MS. a, LC chro-
matogram plotted for ms/ms at m/z
343 and corresponding MS profile
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blinded to the experimental conditions before histological analyses. Three
fields per slide were examined at X200 magnification for vessels, and large
airways and alveoli with EOS were counted at X400 magnification in
randomly assigned fields. Vessels were identified by perivascular smooth
muscle, and large airways were identified by at least one-half their diameter
either cuboidal or columnar epithelia. Measurement of inflammatory me-
diators was determined in cell-free BAL fluid (BALF) (2000 X g, 10 min)
by sensitive and specific ELISAs, in tandem, for IL-5, IL-12, IL-13, PGD,
(R&D Systems), CysLTs, (Cayman Chemical), and LXA, (Neogen). Cells
in BALF were resuspended in PBS, enumerated by hemocytometer, and
concentrated onto microscope slides by cytocentrifuge (STATspin) (265 X
g). Cells were stained with a Wright-Giemsa stain (Sigma-Aldrich) to de-
termine leukocyte differentials (after counting =200 cells).

PDI extraction and identification by liquid chromatography
(LC)-tandem mass spectrometry (MS)-MS

Exhaled breath condensates (EBC) were collected by R-tube (Respiratory
Research) from volunteer subjects who had given written informed consent
to a protocol approved by the Brigham and Women’s Hospital Committee
for the Protection of Human Subjects in Research. Samples were collected
during 10 min of tidal breathing. Characteristics of the subjects are pro-
vided in Table I. For samples of murine lung, blood was flushed from the
pulmonary circulation with 2 ml of PBS, and whole murine lungs were
removed from OV A-sensitized/OV A-challenged and control mice on day
18. Using a manual dounce, lungs were gently homogenized for direct lipid
extraction in MeOH or, in some cases, were warmed (5 min, 37°C) in PBS,
and incubated (40 min, 37°C) in the absence or presence of DHA (100 ug).
Reactions were stopped with 10 vol of iced MeOH and stored at —20°C
overnight.

Lipids in EBCs or murine lung were extracted using C18 cartridges
(Alltech) and deuterium-labeled d,-PGE, as an internal standard to correct
for losses during extraction (3). Materials eluting in the methyl formate
fraction were taken to HPLC coupled to a photo-diode-array detector and
tandem MS (LC-PDA-MS-MS; ThermoFinnigan) for lipidomic analyses.
PD1 was identified using recently published criteria (13) that include
retention time, coelution with authentic 10R,17S-dihydroxy-docosa-
47.,77,11E,13E,15Z,19Z-hexaenoic acid, UV absorbance in methanol
(Amax 270 nm with shoulders at 261 and 281 nm, a triple band of absorp-
tion consistent with a conjugated triene structure) and at least 5 diagnostic
MS-MS ions (m/z 359 [M-H], 341 ([M-H]-H,O; base peak), 323
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FIGURE 2. Lung histopathology from mice given PD1. Mice were sen-
sitized and aerosol challenged with OVA in the presence of PD1 (200 ng
(a), 20 ng (b), 2 ng (c)) or vehicle (d). Representative (n = 3) lung tissue
sections (original magnifications, X20 (left column) and X40 (right col-
umn)) were obtained from fixed, paraffin-embedded lung tissue, prepared,
and stained with H&E. Arrows denote representative EOS; Br, bronchus;
v, vessel.

([M-H]-2H,0), 315 ([M-H]-CO,), 297 (IM-H]-H,0,-CO,), and 277 ([M-
H]-H,-2H,0-CO,) plus additional ions defining the presence of the C10
and C17 hydroxyl (i.e., m/z 289, 261, 243 (261-H,0), 217 (261-CO,),
205, 181, 163 (181-H,0), and 153) (Fig. 1). The quantitation of PD1
was determined following LC-MS-MS analyses using a calibration curve (>
= 0.991), and the chromatographic peak areas were obtained via selective ion
monitoring.

Statistical analysis

Results are expressed as the mean = SEM. Statistical significance of
differences was assessed by Student’s 7 test and Kruskal-Wallis non-
parametric one-way ANOVA. A p value <0.05 was set as the level of
significance.

Results
PD1 is present in asthma and endogenously generated in
allergic lung

To determine whether DHA-derived products are generated in
respiratory tissues, we analyzed lipid extracts from EBCs that
were collected from healthy volunteer subjects and patients in

PD1 IN ASTHMA

FIGURE 3. PDI1 decreases airway mucus. Representative lung tissue
sections from mice given PD1 (200 ng (a), 20 ng (b)) or vehicle (c) were
stained with periodic acid Schiff (original magnifications, X20 (left col-
umn) and X40 (right column). Arrows indicate representative mucus (ma-
genta) containing goblet cells.

the emergency department during a clinical exacerbation of
asthma (Table I). PD1 and its biosynthetic precursor, 175-hy-
droxy-DHA were present in these human respiratory tract se-
cretions (Fig. 1). Levels of PD1 were significantly lower in
EBCs from subjects with status asthmaticus (trace amounts)
compared with healthy individuals (2.23 %= 1.55 ng PD1/ml
EBC; mean = SEM; p < 0.05). These results indicate that
asthma exacerbation is associated with reduced airway levels of
the counterregulatory lipid mediator PDI.

To investigate potential roles for PD1 in airway inflammation,
we next turned to an experimental animal model of allergic
asthma. After sensitization and aerosol challenge with allergen,
murine lungs generated PD1 from endogenous sources (73.9 *
35.6 ng PD1; mean = SEM for n = 3). Of note, PD1 levels in the
inflamed lungs were not significantly different from those in
healthy murine lungs (45.8 ng of PDI1). Similar to results with
human EBCs, 17S-hydroxy-DHA was also present in murine
lungs. Addition of exogenous DHA to a homogenate of the in-
flamed murine lungs ex vivo significantly increased mean PDI1
levels by 5.8-fold to 431.6 = 69.3 ng PD1 (mean = SEM; n = 3;
p < 0.02). These findings indicate that during airway inflamma-
tion, respiratory tissues can convert DHA to 17S-hydroxy-DHA
and PDI.

Allergic airway inflammation decreases with PD1

To determine the impact of PD1 on airway inflammation, we ad-
ministered physiologically relevant quantities (2, 20, or 200 ng) by
i.v. injection to allergen-sensitized animals just prior (30 min) to
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FIGURE 4. PDI sharply reduces leukocyte infil-
tration. a, Tissue morphometric analyses were per- n 2
formed to determine the impact of PD1 on EOS ac- % x
cumulation in pulmonary vessels (V-EOS), large %Z 20 uw 08
airways (Aw-EOS), and alveoli (Alv-EOS). b, % é
BALFs were obtained from OVA-sensitized and % ‘9
challenged mice. Leukocytes in BALF were enu- 2 §
merated and identified after Wright-Giemsa stain. é % §
Results are expressed as mean = SEM (n = 3). 10 — 04
#, p < 0.05 by Student’s ¢ test compared with con-
trol animals.
0 . % . % 0.0
V-Eos Aw-Eos Alv-Eos Eos Lymphs

each aerosol challenge. For these experiments, PD1 was produced
via biogenic synthesis and matching studies were performed with
PD1 that was prepared by total organic synthesis (13). Animals
receiving PD1 had substantially less EOS and Lymphs in the peri-
bronchial regions and airspaces compared with control mice that
received only vehicle (Fig. 2). PD1 also reduced goblet cell
hyperplasia and airway mucus as determined by periodic acid
Schiff stain (Fig. 3). Morphometric analyses identified signifi-
cant decreases in EOS tissue infiltration around vessels and in
the large and peripheral airways (Fig. 4a). In BALF, PD1 de-
creased total leukocytes, EOS, and Lymphs in a concentration-
dependent manner (Fig. 4b), and levels of peptide and lipid
proinflammatory mediators were selectively reduced (Fig. 5).
PD1 administration blocked allergen-induced increases in IL-
13, CysLTs, and PGD,, all of which have been assigned pivotal
roles in asthma pathobiology (14-16). Of note, PD1 did not
significantly impact IL-5 or IL-12 levels in BALF. In conjunc-
tion with decreased airway inflammation, levels of the counter-
regulatory eicosanoid LXA, were diminished in the presence of
PD1 (Fig. 5b). No behavioral or physical signs of toxicity with
PD1 treatment were observed. Together, these results indicate
that PD1, in nanogram quantities, significantly reduced allergic
pulmonary inflammation, and suggests that its mechanism of
action is distinct from LXs.

PD1 blocks airway hyperresponsiveness

Because increased airway reactivity is a diagnostic hallmark of
asthma, we also determined whether PD1 regulated airway hyper-
responsiveness to inhaled methacholine. After allergen sensitiza-
tion and aerosol challenge in the presence of PD1 (0-200 ng),
animals were ventilated and exposed (10 s) to increasing concen-
trations of inhaled methacholine. Consistent with the regulation of
airway inflammation, PD1 also decreased both peak and average
lung resistance in response to methacholine (Fig. 6). The log
ED,, for the mean airway resistance for all three doses of PD1 (2,
20, and 200 ng) was significantly increased compared with vehicle
(Fig. 6b). There was a bell-shaped dose response with maximal
protection for PD1 on airway hyperresponsiveness to methacho-
line apparent with lower amounts (2 and 20 ng). PD1 displayed no
significant impact on the airway responses of control animals that
received PBS rather than allergen (Fig. 6b). In addition, no sig-
nificant changes in lung elastance or compliance were observed
with PD1 following allergen challenge (data not shown). These
results indicate that methacholine-induced bronchoconstriction is
significantly reduced by administration of PDI.

Impact of PDI treatment on airway inflammation

To more closely mimic the clinical scenario of asthma exacerba-
tion, we next determined whether PD1 could dampen established
airway inflammation by administration after aeroallergen chal-
lenge. Mice were sensitized and allergen challenged on four

a
@ \chicle
20 ng
C—3 200 ng
g
5
IL-5 IL-12
b
E Vehicle
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> 200 ng
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i é é
m
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FIGURE 5. PDI selectively decreases airway inflammatory mediators. In
the presence or absence of PD1, the mediator profile in BALF was determined
in materials from OV A-sensitized and challenged mice for specific cytokines
(IL-13, IL-5, IL-12) (a), and lipid mediators (CysLTs, LXA,, and PGD,) (b).
Results are expressed as mean = SEM (n = 5, determinations = 2). *, p <
0.05 by Student’s ¢ test compared with control animals.
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FIGURE 6. PDI reduces airway hyperresponsiveness. a, OVA-sen-
sitized mice were treated with PD1 20 ng ([), 200 ng (O), or vehicle
(A) before OVA aerosol challenge. Airway reactivity was determined
by methacholine-dependent change in peak lung resistance. Results are
expressed as mean = SEM (n = 5). %, p < 0.05 by one-way ANOVA
compared with control animals. b, ED,,, was determined for metha-
choline-dependent changes in mean lung resistance for OVA-sensitized
animals receiving PD1 (0, 2, 20, or 200 ng) before OVA aerosol chal-
lenge and for control animals receiving buffer (PBS) instead of OVA
during sensitization and challenge phases of the model. *, p < 0.05 by
Student’s ¢ test compared with control animals.

consecutive days. PD1 (20 ng, i.v.) or vehicle (0.9% saline) was
then given once a day for three additional days, and BAL was
performed to enumerate cellular infiltration into the lung. De-
spite no further aeroallergen challenges, animals receiving ve-
hicle still carry a substantial number of EOS and Lymphs in
BALF at day 21 in our protocol (Fig. 7). In sharp contrast, PD1
administration led to significant decrements in the numbers of
total leukocytes, EOS, and Lymphs in BALFs (Fig. 7). These
findings indicated that PD1 has the capacity to accelerate res-
olution of allergic airway inflammation.

Discussion
In this study, we identify PD1 as a natural product of a new C22:6
signaling pathway (3, 5) during respiratory tract inflammation that

PD1 IN ASTHMA

20 7
I Vchicle
/A pb1
15 1
'y
o
x
w
e ]
5 10
£
k2]
©
[¢)
5
*
* *
o % 44 v
Total Eos Lymphs

FIGURE 7. PDI treatment promotes resolution of allergen-driven leu-
kocytes in mouse lung. BALFs were obtained from OV A-sensitized and
challenged mice that received either PD1 (20 ng, &) or vehicle (0.9%
saline, M) for three consecutive days before study. Leukocytes in BALF
were enumerated and identified after Wright-Giemsa stain. Results are ex-
pressed as mean = SEM (n = 3). *, p < 0.05 by Student’s ¢ test compared
with control animals.

displays potent counterregulatory actions on key asthma pheno-
types, namely airway levels of proinflammatory peptide and lipid
mediators, airway mucus, leukocyte accumulation, and hyperre-
sponsiveness. PD1 was first identified in murine exudates and hu-
man brain, blood, and glial cells (3). In this study, we present
evidence for the first identification of 17S-hydroxy-DHA and PD1
in human asthma. In addition, airway inflammation triggered PD1
formation in vivo and conversion of C22:6 to PD1 in lung tissues.
Similar to the inflamed airway, generation of PD1 occurs else-
where during multicellular host inflammatory responses, including
Alzheimer disease, brain ischemia-reperfusion injury, and acti-
vated human whole blood (3, 4, 17). The biosynthesis of PD1
proceeds via 15-lipoxygenase-catalyzed conversion of DHA to
17S-hydroperoxy and 16(17)-epoxide intermediates (3, 13) in ac-
tivated human leukocytes and in Alzheimer’s brain and murine
cornea (4, 13, 18, 19). Lipoxygenases and epoxide hydrolases are
both prominent classes of enzymes in asthmatic lung that are in-
duced by pivotal regulators of allergy, including specific Th2 cy-
tokines (20-23). Potential source(s) for PD1 generation include
airway epithelial cells, EOS, and other leukocytes, but the defin-
itive cellular and enzymatic source of PDI in the lung remains to
be established in future studies. Our findings indicate the presence
of specialized enzyme systems in the lung for this new DHA path-
way that convert the omega-3 fatty acid to biologically active
chemical mediators during airway inflammation.

Eosinophilic airway inflammation and airway hyperresponsive-
ness are characteristic features of asthma. EOS recruitment to the
lung in asthma is primarily a consequence of Th2 Lymph activa-
tion (1). Because PD1 was identified in EBCs in the nanogram
range, and this sampling technique likely reflects only a small frac-
tion of total PD1 generated in the lung, we chose to examine the
impact of PD1 in physiologically relevant nanogram quantities.
After allergen sensitization and aerosol challenge, EOS trafficking
was reduced by as little as 2 ng of PD1. Levels of Th2 cytokines
in BALF and the number of Lymphs in both BALF and lung tissue
were decreased. These findings provide evidence for potent, con-
centration-dependent reduction of both Th2 Lymphs and EOS re-
sponses in vivo.

Lymph and EOS activation in the lung are held to contribute to
asthma pathobiology. In addition, neutrophil (PMN) activation
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contributes to the pathogenesis of asthma exacerbation (24) and
severity (25). PD1 promotes T Lymph apoptosis in vitro (18), and
PD1 also carries systemic and topical anti-inflammatory actions
for PMNs in vivo (3, 17). In the nervous system, PD1 decreases
brain leukocyte infiltration, IL-1B-induced NF-«B activation, and
cyclooxygenase-2 expression to elicit neuroprotection (12, 17). In
this study, PD1 also dampened hyperresponsiveness to methacho-
line and mucus production in the inflamed airway. The local gen-
eration of PD1 in allergic inflammation together with counterregu-
latory properties in the airway broadens its potential cellular
sources and actions in vivo to new leukocyte classes and tissue
resident cells and points to a more generalized counterregulatory
function as an autacoid in inflammation.

LXs are also generated in asthma and serve as potent inhibitors
of both airway inflammation and hyperresponsiveness (26). Al-
though there is some overlap in the pattern of cytokine regulation
for PD1 and a LX stable analog in this murine model of asthma,
some key differences were observed. First, whereas both mediators
blocked IL-13 and CysLT generation and had no significant effect
on BAL IL-12 levels (26), the inhibitory concentrations of PD1
were 1 to 2 log orders more potent than the LX analog. Secondly,
IL-5 production was reduced by the LX stable analog, but not PD1,
suggesting a direct effect of PD1 on EOS, T Lymphs, and other
effector cells. Third, administration of PD1 led to decreased airway
levels of LXA,, suggesting that the circuit for PD1 formation and
actions is distinct from LX signaling in the murine lung. In aggre-
gate, these findings indicate the presence of unique homeostatic
pathways for DHA-derived bioactive mediators in the lung.

Formation of counterregulatory LXs is defective in severe in-
flammatory diseases of the airways, including asthma and cystic
fibrosis (27-29). DHA levels in the respiratory tract are decreased
in both of these illnesses (6), and in this study, in comparison to
healthy controls, we uncovered lower levels of PD1 during human
asthma exacerbation. Given its counterregulatory properties, de-
creased formation of PD1 from low levels of DHA would ad-
versely impact control of airway inflammation and hyperrespon-
siveness. Of note, PD1 levels in the inflamed murine lungs were
not significantly different from those in healthy murine lungs, sug-
gesting that temporal and spatial factors for PD1 generation as well
as the lung compartment sampled are important considerations.

Although observational studies have identified an increased risk
of asthma in populations with diets low in DHA, interventional
trials with DHA supplementation have not consistently improved
clinical outcomes (Cochrane Database of Systematic Reviews,
www.cochrane.org), despite altering the responses of isolated leu-
kocytes to inflammatory stimuli (30). In contrast to asthma, nutri-
tional supplementation with omega-3 essential fatty acids has
proven beneficial in cystic fibrosis and the acute respiratory dis-
tress syndrome, clinical disorders of excess PMN-mediated in-
flammation (Cochrane Database of Systematic Reviews, www.
cochrane.org) (31). Because the molecular rationale for these ben-
eficial effects is uncertain, there remain many potential reasons for
the lack of clinical success with DHA feeding in asthma, including
purity, dose, time course, and difficulties tolerating the ingestion of
large amounts of fish oils for extended periods of time (32).
After the induction of experimental asthma by aeroallergen
challenge, we determined that administration of PD1 promoted
the resolution of airway inflammation. Thus, identification of
PD1 as a DHA-derived counterregulatory autacoid in the lung
opens the door to new mechanism-based therapeutic strategies
in airway inflammation.

Our results are the first demonstration of PD1 formation in hu-
man asthma in vivo from DHA and identify direct protective and
regulatory roles for this novel mediator in allergic inflammation
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and airway hyperresponsiveness. In light of its ability to strongly
reduce both of these key asthma phenotypes, the PD1 pathway
may offer new therapeutic approaches for asthma. Moreover, our
results indicate that endogenous conversion of DHA to PDI rep-
resents a potential mechanism for the therapeutic benefits derived
from diets rich in this omega-3 essential fatty acid in maintaining
respiratory homeostasis.
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